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Abstract 
Objective 
This proof-of-concept pilot study aimed to investigate if a visual illusion that 
altered the size and muscularity of the back could be embodied and alter 
perception of the back.  
Methods 
The back visual illusions were created using the MIRAGE multisensory illusion 
system. Participants watched real-time footage of a modified version of their own 
back from behind. Participants undertook one experimental condition, in which 
the image portrayed a muscled, fit-looking back (Strong), and two control 
conditions (Reshaped and Normal) during a lifting task. Embodiment, back 
perception as well as pain intensity and beliefs about the back during lifting were 
assessed. 
Results 
Two participants with low back pain were recruited for this study: one with 
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altered body perception and negative back beliefs (Participant A) and one with 
normal perception and beliefs (Participant B). Participant A embodied the Strong 
condition and pain and fear were less and both perceived strength and confidence 
were more than for the Normal or the Reshaped condition. Participant B did not 
embody the Strong condition and reported similar levels of pain, fear strength 
and confidence across all three conditions.  
Discussion 
An illusion that makes the back look strong successfully induced embodiment of a 
visually modified back during a lifting task in a low back pain patient with 
altered body perception. Both participants tolerated the illusion, there were no 
adverse effects, and we gained preliminary evidence that the approach may have 
therapeutic potential.  
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Introduction 
In patients with chronic low back pain (LBP), there is substantial evidence of 
alterations in cortical structure and function (Kregel et al., 2017; Ng et al., 2017; Yuan 
et al., 2017), including areas involved in self-perception of the back (Wand et al., 2011; 
Kergel et al., 2015). Findings consistent with disruption of the mechanisms that 
underpin body-perception include: impaired lumbar tactile function (Catley et al., 
2014a; Wand et al., 2010; Wand et al., 2013; Moseley, 2012); proprioception (Laird RA et 
al., 2014); back-specific action recognition (de Lussanet et al., 2012); motor imagery 
(Bray and Moseley., 2011; Bowering et al., 2014); and self-reported back-related 
self-perception (Moseley 2008; Nishigami et al., 2015; Wand et al., 2014a; Wand et al., 
2016; Wand et al., 2017; Nishigami et al., 2017; Janssens 2017). People with LBP also 
commonly hold maladaptive beliefs about their back’s robustness – perceiving it as 
vulnerable, easily damaged and difficult to heal (Darlow et al., 2014; Darlow et al., 
2015). 
Maladaptive back self-perception and beliefs about the fragility of the back are 
potentially mutually-reinforcing contributors to ongoing pain and disability (Wand 
2012a) and may be potential treatment targets. For example, viewing the back during 
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movement reduces pain intensity in people with back pain (Wand et al., 2012b) and 
viewing the back at rest reduces habitual pain intensity (Diers et al 2016). Thus 
improved self-perception of the back afforded by vision may contribute to analgesia. 
Interestingly, the enhancing effect of vision on touch perception (i.e., improved tactile 
acuity) observed elsewhere in the body (Taylor-Clarke et al., 2002, 2004; Eads et al., 
2015), does not occur at the back (Catley et al., 2014b), suggesting against improved 
perception of touch as a mediating mechanism for vision-induced pain relief. Such 
findings raise the possibility that pain relief with vision of the back may also occur 
through providing reassuring information about the robustness of the back (i.e., I can 
see that my back is fine). 
Simultaneously targeting maladaptive body perception and beliefs about fragility may 
have additive effects on pain. One potential method to do this is via mediated reality, 
where altering live video-feed changes one’s own seen body in real-time. This differs 
from virtual reality (using an avatar within an immersive virtual world) and augmented 
reality (adding visual features into video feedback of the real-world) in that visual 
changes are egocentric (i.e., happening to me). Using the MIRAGE-mediated reality 
system (Newport., 2009), illusions that alter the appearance of deformed osteoarthritic 
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hand have been shown to normalise participants’ perception of hand size (Gilpin et al., 
2015) and reduce joint pain intensity (Preston et al., 2011). We have now used this 
system to manipulate visual contouring and size of the back such that it looks stronger 
than it really is. Such an illusion could provide evidence against beliefs of heightened 
fragility, improve impaired body perception and provide evidence against beliefs of 
heightened fragility – Weeth et al. (2017) found that an illusion of wearing armour 
decreases experimental pain intensity in healthy volunteers, which lends support to this 
idea.. 
Our proof-of-concept study aimed to answer the critical first questions: can an illusion 
that alters the back’s size and muscular appearance be embodied and modify 
self-perception of the back? We tested two LBP patients – one with and one without 
impaired back self-perception. To determine tolerability and potential therapeutic 
promise, we also investigated pain intensity, fear, perceived back strength and 
confidence during lifting.  
Methods 
Design 
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A proof-of-concept pilot study, approved by the Institutional Human Research Ethics 
Committee. Participants provided signed, informed consent. All procedures conformed 
to the declaration of Helsinki. 
Participants 
Participants were recruited from the general public via advertisements. Both had 
chronic LBP, experienced back soreness during lifting, and were cleared of any serious 
spinal pathology/radicular pain. Participant A had distorted back perception (high 
scores on the Fremantle Back Awareness Questionnaire) (Wand et al., 2014a), 
maladaptive beliefs about the back, high pain intensity and severe disability. 
Participant B had non-distorted back perception, little-to-no maladaptive beliefs about 
his back, and mild pain and disability. 
Procedure 
Baseline measures of disability (Roland Morris Disability Questionnaire (Roland and 
Morris., 1983)), LBP intensity at rest and during any motion (0-10 numerical rating 
scale),  kinesiophobia (Tampa Scale of Kinesiophobia (Vlaeyen et al., 1995)), 
pain-related catastrophisation (Pain Catastrophizing Scale (Sullivan et al., 1995)), 
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distress (21-item Depression Anxiety and Stress Scale (Lovibond., 1995; Antony et al., 
1998)), back perception (Fremantle Back Awareness Questionnaire (Wand et al., 2014a) 
and maladaptive beliefs about the back (Back Beliefs Questionnaire (Symonds et al., 
1996)) were assessed. 
Proprioceptive body representation was evaluated using lumbar Left/Right judgment 
accuracy via ‘Recognise’ (NeuroOrthopaedic Institute, Adelaide, Australia), taking the 
average percentage correct of two sets of 30-image trials. Tactile acuity was evaluated 
using mechanical calipers to assess horizontal and vertical two-point discrimination 
threshold bilaterally at the level of L3 (Wand et al., 2014b).  
During each trial, participants lifted a weighted basket and held it in a semi-stooped 
posture for 60-seconds. The basket’s weight was 80% of the weight at which they 
reported back pain of ≥40/100 while lifting.  
Equipment and experimental conditions: 
The back visual illusions were created using software adapted from the 
MIRAGE-multisensory illusions system (National Instruments 2015; Austin, TX), in 
which real-time video footage is viewed through a head mounted display (HMD) at 60Hz 
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(Preston and Newport, 2012). Participants watched live video-feed of their own body 
from the rear. A customized in-house LabVIEW program using National Instrument 
Vision Acquisition software (National Instruments 2015; Austin, TX) enabled real-time 
alterations to video feedback, allowing for manipulation of back size and for the overlay 
of images onto the viewed back. In this instance, the software took live images of the 
body, automatically identified and extracted the back, then either morphed the shape of 
the back (Reshaped; see below) or morphed and merged an overlay of a generic, muscled 
back (of the same shape and size) with the existing back and fitted the new back onto 
the viewed body. (Strong; see below). 
Participants undertook one experimental condition (Strong) and two control conditions 
(Reshaped and Normal) during lifting, each performed three times, in a randomised 
order (See Figure 1). In the Strong condition, an image of a muscled back was overlaid, 
the shoulders were widened (125% of normal) and the waist narrowed (75% of normal), 
thus creating a fit, muscled-looking back. The Reshaped condition widened the 
shoulders and narrowed the waist without muscular overlay. The Normal condition 
showed an unmodified view of their back. 
Testing procedure: 
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In each condition, participants viewed their back through the HMD and underwent a 
standardized procedure to promote embodiment. Tactile stimulation was applied to the 
back; participants watched their back being touched in real-time for 5 minutes. 
Participants then shrugged their shoulders and moved their backs while watching this 
movement for two minutes. Following this, participants performed the lifting task three 
times for each condition. Participants held the weight for a maximum of 60 seconds. All 
outcomes (below) were measured for each condition (analysis: average of three 
trials/condition). After each condition, participants removed the HMD and manually 
completed the following questionnaires.   
Primary outcomes 
Embodiment and back self-perception were assessed after each condition. A modified 
embodiment questionnaire (Longo et al., 2008; Tsakiris et al., 2010) was used. Using a 
7-point Likert scale, participants were asked to rate their agreement (-3 = strongly 
disagree; 0 = Neutral; +3 = strongly agree) with statements which assessed participants’ 
sense of ownership (During the task it felt as though: …I was looking directly at my own 
back; …the image was part of my body), agency (…the image was under my control; 
…the image moved when I moved) and location (…I had the sensation of touching in my 
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back; …I felt the touch I could see on my back) (Supplementary file). To assess back 
self-perception after each condition, participants were asked to select the picture (from 
six randomly arranged snapshot images of a back) which best represented how their 
back felt during the lifting task (Figure 2). Participants were purposefully and explicitly 
instructed to choose the picture representing how their back felt, not how their back 
looked.  
Secondary outcomes 
After each condition, participants were also provided with 100mm visual analogue 
scales (VAS) to manually rate their pain intensity, perceived fear, perceived back 
strength, and perceived confidence (in relation to the back). Pain intensity was assessed 
by asking participants, “How would you rate the pain in your back during the task?”, 
where 0 = no pain and 100 = unbearable pain. Perceived fear was assessed by asking 
participants, “How fearful are you of performing this task (considering the 
ability/strength of your back)?”, where 0=no fear, 100=worst possible fear. Perceived 
back strength was assessed by asking participants, “How strong does your back feel at 
the moment?” where 0=not strong at all, 100=strongest imaginable. Last, perceived 
confidence was assessed by asking participants, “How confident are you about 
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performing every day activities?”, where 0=no confidence at all, 100=most confidence 
imaginable.  
Results 
Table 1 presents demographic/clinical details for both participants. Table 2 provides the 
embodiment (total and subscale scores), back self-perception, pain, fear, perceived 
strength, and confidence scores for each testing condition. 
Participant A experienced high levels of embodiment for each condition, and the 
perception of his back was updated, matching the viewed image. Pain intensity was 
similar for the two control conditions. Pain and fear were lower and perceived strength 
and confidence were higher, in the Strong condition than in the Normal or Reshaped 
conditions (Table 2).  
Participant B experienced high levels of embodiment in the Normal and Reshaped 
condition, but not in the Strong condition. Perception of his back was less clearly related 
to the viewed image as compared with the images chosen by Participant A. Pain was 
similar in all conditions. He had low fear in relation to lifting for all conditions. 
Perceived strength ratings were similar in all conditions. Confidence was greater during 
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the Reshaped condition than during the other conditions. 
Discussion 
This proof-of-concept pilot study tested whether the back illusion can be embodied and 
modify back self-perception, also exploring tolerability, and therapeutic potential. Our 
results appear promising given Participant A’s response - clearly embodying the 
muscular appearance of his back, and reporting less pain, less fear and greater 
perceived strength and confidence during the Strong condition. Such findings clearly 
suggest that the illusion provided sufficiently compelling and synchronized visual input 
to shift how his body felt, his confidence in his body and his system’s need to protect his 
back (as indicated by less pain). Participant B, who did not have distorted back 
perception and only mild pain/disability, did not embody the Strong illusion and 
reported little difference in strength, fear or pain across the three conditions. 
Importantly however, the protocol did not induce aversive effects in either participant.  
We overcame significant challenges in the provision of real-time, manipulated visual 
input of the back during a functional task. The image was sufficiently locked to the 
patient’s real back to offer compelling synchronous input. We developed the 
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standardized embodiment protocol and the back visual illusion (where visual changes to 
the back track with participant movement) on the grounds that visuo-tactile and 
visuo-motor synchrony (i.e., providing two sources of input at the same time) are strong 
drivers of ownership, agency and location (Piyankova et al., 2014; Ratcliffe and Newport, 
2017). We did not attempt to integrate multiple modalities into a single procedure 
because we have previously shown that adding modalities to a synchronous input is not 
as important as maximising synchrony between at least two of them (Walsh et al., 2011). 
Our results point to the potential of exploring the use of a strong back visual illusion as 
a treatment for LBP, at least LBP during forward bending. In this sense, the current 
innovation builds on a body of research using visual illusions to understand and treat 
pain (Moseley et al., 2012; Boesch et al., 2016). Research initially targeted upper limb 
pain – most famously mirror therapy for phantom limb pain (Ramachandran and 
Rogers-Ramachandran., 1996, although see Moseley et al., 2008), is being extended to 
LBP (Wand et al., 2012b; Diers et al., 2016). Whilst current evidence of their broad effect 
is equivocal (Boesch et al., 2016) – further refinement and research is needed.  
Our study was not to test efficacy, but it is worth noting that the illusion of a fit and 
muscled back appeared to decrease pain and fear in Participant A. Randomizing the 
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order of conditions increases confidence that the pain reduction during the Strong 
condition was related to the nature of the visual image. The mechanisms by which 
analgesia occurs are unclear. That participants with LBP often view their back as being 
vulnerable (Darlow, 2015) suggests that a higher cognitive process might be relevant to 
Participant A’s response – his back looked less vulnerable. This would be consistent with 
contemporary theories that emphasise the protective nature of pain (Gallagher et al., 
2013; Moseley and Butler., 2015; Wallwork et al., 2016), with evidence that contextual 
cues can have profound effects on pain (e.g. Moseley and Arntz., 2007) and stiffness 
(Stanton et al., 2017) and the proposal that visually-induced analgesia is mediated via 
modulation of affective, rather than sensory, mechanisms (Longo et al., 2009). Other 
possibilities exist however: perhaps particular visual cues alter the expected location - 
in space - of noxious input (Stanton et al., 2016a); perhaps visual input simply improves 
spatial processing in general – after all, spatial processing is often disrupted in LBP 
(Moseley et al., 2012) and there is some evidence that changing the apparent location of 
painful body parts can induce analgesia (Gallace et al., 2011). 
That Participant B did not embody the Strong back illusion, and reported no shift in 
other assessments, highlights important future questions, aside from testing efficacy. 
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There may be merit in exploring whether baseline pain intensity, the presence of body 
distortion or maladaptive back-related beliefs relate to response to the illusion. Perhaps 
these stimulations can induce embodiment, even for non-veridical illusions, but only 
when innate perception of the back is altered. If so, and if the illusion works via an effect 
on distorted bodily perception, then this MIRAGE-based approach may have application 
to pain in other body areas, for which real-time illusions are challenging, e.g., the knee 
(Nishigami et al., 2017) or neck (Harvie et al., 2016; Stanton et al., 2016b).  
One potential limitation of our study is that participants differed in age (34 vs 70 years 
old). This may impact the ability to experience and embody an illusion (Graham et al., 
2015), and thus influence the degree to which back perception is altered. However, 
previous work has shown that the degree to which people experience visual illusions is 
generally stable over adulthood, and if anything, declines with older age (Leibowitz and 
Judisch., 1967). Further, evidence from the rubber hand illusion paradigm shows that 
there is no effect of age on embodiment measures (subjective measures and 
proprioceptive drift) (Campos et al., 2018). Thus the present findings that the older 
participant (Participant A) had both higher levels of embodiment and larger changes in 
back perception with the illusion than the younger participant (Participant B) would not 
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be predicted based on age. Together, these findings make age unlikely to be a 
confounding factor in the present results. 
Conclusion  
In summary, our approach successfully induced embodiment of a visually modified back 
during a lifting task in a LBP participant whose body perception was disrupted. Both 
participants tolerated the illusion, there were no adverse effects, and we gained 
preliminary evidence that the approach may have therapeutic potential.  
 
References 
Antony MM, Bieling PJ, Cox BJ, Enns MW, Swinson RP. Psychometric properties of the 
42-item and 21-item versions of the Depression Anxiety Stress Scales (DASS) in clinical 
groups and a community sample. Psychological Assessment 1998;10:176-81.  
http://dx.doi.org/10.1037/1040-3590.10.2.176 
Boesch E, Bellan V, Moseley GL, Stanton TR. The effect of bodily illusions on clinical 
pain: a systematic review and meta-analysis. Pain 2016;157:516-29. doi: 
10.1097/j.pain.0000000000000423. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 15
Bowering KJ, Butler DS, Fulton IJ, Moseley GL. Motor imagery in people with a history 
of back pain, current backpain, both, or neither. Clin J Pain 2014;30:1070-5. doi: 
10.1097/AJP.0000000000000066. 
Bray H, Moseley GL. Disrupted working body schema of the trunk in people with back 
pain. Br J Sports Med 2011;45:168-73. doi: 10.1136/bjsm.2009.061978.  
Catley MJ, O’Connell NE, Berryman C, Ayhan FF, Moseley GL. Is tactile acuity altered 
in people with chronic pain? A systematic review and meta-analysis. J Pain 
2014a;15:985-1000.  doi: 10.1016/j.jpain.2014.06.009.  
Catley MJ, Tabor A, Miegel RG, Wand BM, Spence C, Moseley GL. Show me the skin! 
Does seeing the back enhance tactile acuity at the back? Man Ther 2014b;19:461-6. doi: 
10.1016/j.math.2014.04.015.  
Campos JL, El-Khechen-Richandi G, Taati B, Keshavarz B. The Rubber Hand Illusion 
in Healthy Younger and Older Adults. Multisensory Research 2018;31:537-55. 
doi:10.1163/22134808-00002614 
Darlow B, Perry M, Mathieson F, Stanley J, Melloh M, Marsh R, Baxter GD, Dowell A. 
The development and exploratory analysis of the Back Pain Attitudes Questionnaire 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 16
(Back-PAQ). BMJ Open 2014;4:e005251. doi: 10.1136/bmjopen-2014-005251. 
Darlow B, Dean S, Perry M, Mathieson F, Baxter GD, Dowell A. Easy to Harm, Hard to 
Heal: Patient Views About the Back. Spine (Phila Pa 1976) 2015;40:842-50. doi: 
10.1097/BRS.0000000000000901. 
de Lussanet MH, Behrendt F, Puta C, Weiss T, Lappe M, Schulte TL, Wagner H. A 
body-part-specific impairment in the visual recognition of actions in chronic pain 
patients. Pain 2012;153:1459-66. doi: 10.1016/j.pain.2012.04.002.  
Diers M, Löffler A, Zieglgänsberger W, Trojan J. Watching your pain site reduces pain 
intensity in chronic back pain patients. Eur J Pain 2016;20:581-5.  doi: 
10.1002/ejp.765.  
Eads J, Lorimer Moseley G, Hillier S. Non-informative vision enhances tactile acuity: A 
systematic review and meta-analysis. Neuropsychologia 2015;75:179-85. doi: 
10.1016/j.neuropsychologia.2015.06.006. 
Gallace A, Torta DM, Moseley GL, Iannetti GD. The analgesic effect of crossing the 
arms. Pain 2011;152:1418-23. doi: 10.1016/j.pain.2011.02.029.  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 17
Gallagher L, McAuley J, Moseley GL. A randomized-controlled trial of using a book of 
metaphors to reconceptualize pain and decrease catastrophizing in people with chronic 
pain. Clin J Pain 2013;29:20-5. doi: 10.1097/AJP.0b013e3182465cf7. 
Gilpin HR, Moseley GL, Stanton TR, Newport R. Evidence for distorted mental 
representation of the hand in osteoarthritis. Rheumatology (Oxford) 2015;54:678-82. 
doi: 10.1093/rheumatology/keu367.  
Graham KT, Martin-Iverson MT, Holmes NP, Waters FA. The projected hand illusion: 
component structure in a community sample and association with demographics, 
cognition, and psychotic-like experiences. Atten Percept Psychophys 2015;77:207-19. 
doi:10.3758/s13414-014-0748-6. 
Harvie DS, Hillier S, Madden VJ, Smith RT, Broecker M, Meulders A, Moseley GL. Neck 
Pain and Proprioception Revisited Using the Proprioception Incongruence Detection 
Test. Phys Ther 2016;96:671-8. doi: 10.2522/ptj.20150210. 
Janssens L, Goossens N, Wand BM, Pijnenburg M, Thys T, Brumagne S. The 
development of the Dutch version of the Fremantle Back Awareness Questionnaire. 
Musculoskelet Sci Pract 2017;32:84-91. doi: 10.1016/j.msksp.2017.09.003. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 18
Kregel J, Meeus M, Malfliet A, Dolphens M, Danneels L, Nijs J, Cagnie B. Structural 
and functional brain abnormalities in chronic low back pain: A systematic review. Semin 
Arthritis Rheum 2015;45:229-37. doi: 10.1016/j.semarthrit.2015.05.002. 
Kregel J, Coppieters I, DePauw R, Malfliet A, Danneels L, Nijs J, Cagnie B, Meeus M. 
Does Conservative Treatment Change the Brain in Patients with Chronic 
Musculoskeletal Pain? A Systematic Review Pain Physician 2017;20:139-54.  
Laird RA, Gilbert J, Kent P, Keating JL. Comparing lumbo-pelvic kinematics in people 
with and without back pain: a systematic review and meta-analysis. BMC 
Musculoskelet Disord 2014;15:229. doi: 10.1186/1471-2474-15-229.  
Leibowitz HW, Judisch JM. The relation between age and the magnitude of the Ponzo 
illusion. Am J Psychol 1967;80:105-9. doi:10.2307/1420548 
Longo MR, Schüür F, Kammers MP, Tsakiris M, Haggard P. What is embodiment? A 
psychometric approach. Cognition 2008;107:978-98. doi: 
10.1016/j.cognition.2007.12.004.  
Longo MR, Betti V, Aglioti SM, Haggard P. Visually induced analgesia: seeing the body 
reduces pain. J Neurosci 2009;29:12125-30. doi: 10.1523/JNEUROSCI.3072-09.2009. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 19
Lovibond PF, Lovibond SH. The structure of negative emotional states: Comparison of 
the Depression Anxiety Stress Scales (DASS) with the Beck Depression and Anxiety 
Inventories. Behaviour Research and Therapy 1995;33:335-43. 
Moseley GL, Arntz A. The context of a noxious stimulus affects the pain it evokes. Pain 
2007;133:64-71.  
Moseley GL. I can’t find it! Distorted body image and tactile dysfunction in participants 
with chronic back pain. Pain 2008;140:239-43. doi: 10.1016/j.pain.2008.08.001 
Moseley GL, Gallace A, Spence C. Is mirror therapy all it is cracked up to be? Current 
evidence and future directions. Pain 2008;138:7-10. doi: 10.1016/j.pain.2008.06.026.  
Moseley GL, Gallagher L, Gallace A. Neglect-like tactile dysfunction in chronic back 
pain. Neurology 2012a;79:327-32. doi: 10.1212/WNL.0b013e318260cba2.  
Moseley GL, Gallace A, Spence C. Bodily illusions in health and disease: physiological 
and clinical perspectives and the concept of a cortical 'body matrix'. Neurosci Biobehav 
Rev 2012b;36:34-46. doi: 10.1016/j.neubiorev.2011.03.013.  
Moseley GL, Butler DS. Fifteen Years of Explaining Pain: The Past, Present, and Future. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 20
J Pain 2015;16:807-13. doi: 10.1016/j.jpain.2015.05.005.  
Newport R, Preston C, Pearce R, Holton R. Eye rotation does not contribute to shifts in 
subjective straight ahead: implications for prism adaptation and neglect. 
Neuropsychologia 2009;47:2008-12. doi: 10.1016/j.neuropsychologia.2009.02.017.  
Ng SK, Urquhart DM, Fitzgerald PB, Cicuttini FM, Hussain SM, Fitzgibbon BM. The 
Relationship between Structural and Functional Brain Changes and Altered Emotion 
and Cognition in Chronic Low Back Pain: A Systematic Review of MRI and fMRI 
Studies. Clin J Pain 2017. doi: 10.1097/AJP.0000000000000534. 
Nishigami T, Mibu A, Osumi M, Son K, Yamamoto S, Kajiwara S, Tanaka K, Matsuya A, 
Tanabe A. Are tactile acuity and clinical symptoms related to differences in perceived 
body image in patients with chronic nonspecific lower back pain? Man Ther 
2015;20:63-7. doi: 10.1016/j.math.2014.06.010.  
Nishigami T, Mibu A, Tanaka K, Yamashita Y, Shimizu ME, Wand BM, Catley MJ, 
Stanton TR, Moseley GL. Validation of the Japanese Version of the Fremantle Back 
Awareness Questionnaire in Patients with Low Back Pain. Pain Pract 2018;18:170-9. 
doi: 10.1111/papr.12586.  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 21
Nishigami T, Mibu A, Tanaka K, Yamashita Y, Yamada E, Wand BM, Catley MJ, 
Stanton TR, Moseley GL. Development and psychometric properties of knee-specific 
body-perception questionnaire in people with knee osteoarthritis: The Fremantle Knee 
Awareness Questionnaire. PLoS One 2017;12:e0179225. doi: 
10.1371/journal.pone.0179225. 
Ramachandran VS, Rogers-Ramachandran D. Synaesthesia in phantom limbs induced 
with mirrors. Proc Biol Sci 1996;263:377-86. 
Piryankova IV, Wong HY, Linkenauger SA, Stinson C, Longo MR, Bülthoff HH, Mohler 
BJ. Owning an overweight or underweight body: distinguishing the physical, 
experienced and virtual body. PLoS One 2014 Aug 1;9(8):e103428. doi: 
10.1371/journal.pone.0103428. eCollection 2014. 
Preston C, Newport R. Analgesic effects of multisensory illusions in osteoarthritis. 
Rheumatology (Oxford) 2011;50:2314-5.  doi: 10.1093/rheumatology/ker104.  
Preston C, Newport R. How long is your arm? Using multisensory illusions to modify 
body image from the third person perspective. Perception 2012;41:247-9. 
Ratcliffe N, Newport R. The Effect of Visual, Spatial and Temporal Manipulations on 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 22
Embodiment and Action. Front Hum Neurosci 2017;11:227. doi: 
10.3389/fnhum.2017.00227. 
Roland M, Morris R. A study of the natural history of back pain. Part I. Development of 
a reliable and sensitive measure of disability in low-back pain. Spine 1983;8:141-4. 
Stanton TR, Gilpin HR, Reid E, Mancini F, Spence C, Moseley GL. Modulation of pain 
via expectation of its location. Eur J Pain 2016;a20:753-66. doi: 10.1002/ejp.801.  
Stanton TR, Leake HB, Chalmers KJ, Moseley GL. Evidence of Impaired Proprioception 
in Chronic, Idiopathic Neck Pain: Systematic Review and Meta-Analysis. Phys Ther 
2016b;96:876-87. doi: 10.2522/ptj.20150241.  
Stanton TR, Moseley GL, Wong AYL, Kawchuk GN. Feeling stiffness in the back: a 
protective perceptual inference in chronic back pain. Sci Rep 2017;7:9681. doi: 
10.1038/s41598-017-09429-1. 
Sullivan MJ, Bishop SR, Pivik J. The pain catastrophizing scale: development and 
validation. Psychol Assess 1995;7:524-32. 
Symonds TL, Burton AK, Tillotson KM, Main CJ. Do attitudes and beliefs influence 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 23
work loss due to low back trouble? Occup Med (Lond) 1996;46:25-32. 
Taylor-Clarke M, Kennett S, Haggard P. Vision modulates somatosensory cortical 
processing. Curr Biol 2002;12:233-6. 
Taylor-Clarke M, Kennett S, Haggard P. Persistence of visual-tactile enhancement in 
humans. Neurosci Lett 2004;354:22-5. 
Tsakiris M, Longo MR, Haggard P. Having a body versus moving your body: neural 
signatures of agency and body-ownership. Neuropsychologia 2010;48:2740-9. doi: 
10.1016/j.neuropsychologia.2010.05.021. 
Vlaeyen JW, Kole-Snijders AM, Boeren RG, van Eek H. Fear of movement/(re)injury in 
chronic low back pain and its relation to behavioral performance. Pain 1995;62:363-372. 
Wallwork SB, Bellan V, Catley MJ, Moseley GL. Neural representations and the cortical 
body matrix: implications for sports medicine and future directions. Br J Sports Med 
2016;50:990-6. doi: 10.1136/bjsports-2015-095356.  
Walsh LD, Moseley GL, Taylor JL, Gandevia SC. Proprioceptive signals contribute to 
the sense of body ownership. J Physiol 2011 ;589:3009-21. doi: 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 24
10.1113/jphysiol.2011.204941.  
Wand BM, Di Pietro F, George P, O'Connell NE. Tactile thresholds are preserved yet 
complex sensory function is impaired over the lumbar spine of chronic non-specific low 
back pain patients: a preliminary investigation. Physiotherapy 2010;96:317-23. doi: 
10.1016/j.physio.2010.02.005. 
Wand BM, Parkitny L, O'Connell NE, Luomajoki H, McAuley JH, Thacker M, Moseley 
GL. Cortical changes in chronic low back pain: current state of the art and implications 
for clinical practice. Man Ther 2011;16:15-20. doi: 10.1016/j.math.2010.06.008.  
Wand BM. Chronic Lower Back Pain: A Maladaptive Perceptions Model. NOI 2012 
Neurodynamics and the Neuromatrix Conference, Adelaide, Australia, April 26th – 28th, 
2012a. 
Wand BM, Tulloch VM, George PJ, Smith AJ, Goucke R, O'Connell NE, Moseley GL. 
Seeing it helps: movement-related back pain is reduced by visualization of the back 
during movement. Clin J Pain 2012b;28:602-8. 
Wand BM, Keeves J, Bourgoin C, George PJ, Smith AJ, O'Connell NE, Moseley GL.  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 25
Mislocalization of sensory information in people with chronic low back pain: a 
preliminary investigation. Clin J Pain 2013;29:737-43. doi: 
10.1097/AJP.0b013e318274b320. 
Wand BM, James M, Abbaszadeh S, George PJ, Formby PM, Smith AJ, O'Connell NE. 
Assessing self-perception in participants with chronic low back pain: development of a 
back-specific body-perception questionnaire. J Back Musculoskelet Rehabil. 2014 
a;27:463-73.  doi: 10.3233/BMR-140467. 
Wand BM, Catley MJ, Luomajoki HA, O'Sullivan KJ, Di Pietro F, O'Connell NE, 
Moseley GL. Lumbar tactile acuity is near identical between sides in healthy pain-free 
participants. Man Ther 2014b;19:504-7. 10.1016/j.math.2014.01.002.  
Wand BM, Catley MJ, Rabey MI, O'Sullivan PB, O'Connell NE, Smith AJ. Disrupted 
Self-Perception in People With Chronic Low Back Pain. Further Evaluation of the 
Fremantle Back Awareness Questionnaire. J Pain 2016; 17:1001-12.  doi: 
10.1016/j.jpain.2016.06.003.  
Wand BM, Elliott RL, Sawyer AE, Spence R, Beales DJ, O'Sullivan PB, Smith AJ, 
Gibson W. Disrupted body-image and pregnancy-related lumbopelvic pain. A 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 26
preliminary investigation. Musculoskelet Sci Pract. 2017;30:49-55  doi: 
10.1016/j.msksp.2017.05.003. 
Weeth A, Mühlberger A, Shiban Y. Was it less painful for knights? Influence of 
appearance on pain perception. Eur J Pain. 2017;21:1756-62. doi: 10.1002/ejp.1087. 
Yuan C, Shi H, Pan P, Dai Z, Zhong J, Ma H, Sheng L. Gray Matter Abnormalities 
Associated with Chronic Back Pain: A Meta-analysis of Voxel-based Morphometric 
Studies. Clin J Pain 2017;33:983-990. doi: 10.1097/AJP.0000000000000489. 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
The item list used for embodiment questionnaire 
During the task it felt as though… Category 
…I was looking directly at my own back. Ownership 
…the image was part of my body. Ownership 
…it felt as though the image was under my control Agency 
…the image moved when I moved. Agency 
…I had the sensation of touching in my back. Location 
…I felt the touch I could see on my back Location 
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Table 1. Participant’s demographic and clinical information  
 
A B 
Age (years) 72 34 
Height (cm) 168 170 
Weight (kg) 105 91 
BMI 37.2 31.4 
Pain duration (years) 20 1 
Pain at rest (0-10) 8 1 
Pain during motion (0-10) 8 2 
PCS (0-52) 50 8 
TSK (17-68) 47 39 
DASS Depression (0-21) 17 0 
      Anxiety (0-21) 10 1 
       Stress (0-21) 19 0 
RDQ (0-24) 16 5 
BBQ (9-45) 67 39 
FreBAQ (0-36) 29 0 
Left/right judgment  
% correct (Right/Left) 
53/60 80/87 
TPD Horizontal mm 
(Right/Left) 
57.5/57.5 42.5/30.0 
     Vertical mm 50.0/52.5 22.5/12.5 
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Participant’s demographic and clinical information  
Pain Catastrophizing Scale (PCS) 
Tampa Scale of Kinesiophobia (TSK) 
Depression Anxiety and Stress Scale (DASS)  
Roland Morris Disability Questionnaire (RDQ)  
Back Beliefs Questionnaire (BBQ)  
Fremantle Back Awareness Questionnaire (FreBAQ)  
Two points discrimination (TPD)  
 
 
 
 
 
 
 
 
 
  
(Right/Left) 
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Table 2. Results comparing the 3 conditions 
 Participant A Participant B 
Normal Resha
ped 
Strong Normal Resha
ped 
Strong 
Low back perception* I_1 I_6 I_6 I_3 I_2 I_5 
Embodiment (Total: 0-18)† 18 18 18 16 16 3 
  Ownership 6 6 6 5 5 -5 
  Agency  6 6 6 5 5 2 
 Location 6 6 6 6 6 6 
Pain intensity during task 
(0-100) 
75 79 45 22 28 22 
Fear (0-100) 47 44 35 12 14 14 
Perceived strength (0-100) 43 40 67 47 50 51 
Confidence (0-100) 43 40 55 80 91 81 
*Refers to the image number chosen (see Fig. 1). † Total embodiment score represents 
the summed score from 6 items (2 for each subcategory of ownership, agency, and 
location), with each item having a maximum score of +3 (strongly agree) and a 
minimum score of -3 (strongly disagree). 
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